Background: Lack of health professional awareness of interprofessional collaborative practice (IPCP) often results in stress and conflicts between team members in the medical system. Our study aimed to compare the effectiveness of mixed simulation-interprofessional education (IPE) courses to enhance coping strategies for IPCP-associated stress. Methods: Participants (n ¼ 54) from the disciplines of physicians (n ¼ 12), nurses (n ¼ 28) and pharmacists (n ¼ 14) were enrolled. Over the course of the study period, all participants were asked to complete pre-course (T1), post-course (T2) and end-of-study (T3) questionnaires for self-assessment of perceived stress scale (PSS), stress coping preference scale (SCPS), and IPCP proficiency. Results: Basically, physicians felt less IPCP-associated stress than did nurses and pharmacists. For physicians, nurses and pharmacists, the mean post-course (T2) PSS scores were significantly lower than pre-course (T1) PSS scores, which indicated decreased IPCP-associated stress after mixed simulation-IPE courses. In comparison with physicians, the greater difference (T2eT1 scores) in the PSS and positive coping SCPS subscales scores were noted among nurses and pharmacists. For nurses and pharmacists, the further improvements in stress coping abilities (PSS scale and positive SCPS subscale) were noted at the end-of-study self-assessment by comparison of post-course scores with end-of-study scores. For IPCP proficiency, all participants gave more positive responses to the specific questions in the end-of-study questionnaires.
Introduction
One the ten recommendations of the Commission on Education of Health Professionals for the 21st Century is the "promotion of inter-professional education (IPE) that breaks down professional silos while enhancing collaborative and nonhierarchical relationships in effective teams". 1 The increasing prevalence of patients having complex chronic health issues continuously challenges the staff training strategies of healthcare institutions. To ensure patient safety and well-being, the collaborative involvement of a team of health professionals is necessary for delivering care to patients with complex chronic medical/mental health conditions and social disadvantage. 2 Inter-professional collaborative practice (IPCP) is a model of healthcare which optimizes the use of multiple professional skill sets to provide well-coordinated, high-quality and patientcentered care. 3 IPE is a way of improving patient-centered and team-based care through positive shared learning activities in a non-threatening environment to respond to patients' needs. 4 Mixed simulation-IPE offers an effective platform for training in IPCP, providing different health professionals with valuable learning experiences through communication. Including all disciplines in the mixed simulation-IPE process reinforces the unique role/contribution of each team member and provides a mechanism for the team to talk together about system improvements. Actually, good clinical care requires practitioners' ability to effectively resolve stress and conflict that develop in the process of IPCP. 5 Good IPCP can improve health professionals' job satisfaction and enhance well-being. 6 In our institution, regular IPE meetings in various divisions had been held for years to promote IPCP healthcare. However, the 2014 annual mini-interviews revealed some junior health professionals were not familiar with the IPE and IPCP. Moreover, most interviewees reported that their occupational stress resulted from lack of appropriate coping strategies for IPCP-related frustrations.
Accordingly, education committee organized a preliminary mixed simulation-IPE course to improve health professionals' IPCP. Intentionally, this course aimed to enhance their IPCPrelated stress coping abilities.
Methods

Participants
Between January 2015 and May 2016, participants (n ¼ 54) from the disciplines of physicians (n ¼ 12), nurses (n ¼ 28) and pharmacists (n ¼ 14) were invited to join the abovementioned mixed simulation-IPE course. After a brief introduction of mixed simulation-IPE courses, participants were asked to complete pre-course (T1) questionnaires at the beginning of study. Each questionnaire was numbered so that persons could remain anonymous but their numbers could be used to match their pre-course (T1) self-assessment with postcourse (T2) and end-of-study (T3) self-assessment (Fig. 1) . All participants continued with their usual discipline clinical training throughout the period of 3-month study. Ethics approval was obtained from the Ethics Committee of our institution, and care was taken to apply the World Medical Association Declaration of Helsinki principle of research.
Mixed simulation-IPE courses
Each participant was required to attend the 3.5-h preparation workshop (T1) at the beginning of this study. Subsequently, 3.5-h simulation-IPE workshop (T2) was arranged for all participants. During the third month of study, all participants completed end-of study (T3) follow-up questionnaires.
Preparation workshop (T1)
The initial 3.5-h preparation workshop included Powerpoint presentation (60 min), purpose-developed video presentations of the health professionals from each of the three disciplines involved in the management of patients and families with multiple complex acute/chronic illnesses and paramedical problems (30 min, including three 10-min clips), postvideo-watching small group discussion (60 min), and program director-guide interactive discussion with all attendees (60 min). The scenario of three 10 minute clips were including as follows: the first was a simulation of a distracted wife and 1 61-year-old dyspneic male suffering from recurrent asthmatic attacks due to inappropriate home medication; the second was a simulation of a 35-year-old anxious family including a pregnant female with nausea/vomiting/abdominal pain who needed the selection of suitable anti-emetics and a pediatrics/ gynecologist consultation in an ER setting, and the third was a simulation of a 57-year-old male with chest pain and a distracted son who had the wrong allergy and ID labeling on his arm band, as well as an unpulled-up bed rails in the ICU setting. These 10-min clips provided a basis for facilitated discussion related to handling the needs of patients with complex acute/chronic illnesses, the role of the healthcare team, and the value of IPCP healthcare. Usually, the postvideo-watching group discussion (60 min) was facilitated by inter-professional educators who highlighted the real-world challenges and suggested strategies to manage patients with complex conditions.
Mixed simulation-IPE workshop (T2)
Two parallel small-group (n ¼ 27) simulation-IPE interactive workshops were facilitated by a well-trained teaching team including faculty who were physicians, nurses, pharmacists, dieticians, social workers, radiology technologists, pathologic technologists, physiotherapists, speech therapists, and occupational therapists. In this 3.5-h workshop, there were six key phases including first simulation (30 min), first debriefing (40 min), second simulation (30 min), second debriefing (40 min), third simulation (30 min), third debriefing (40 min) and final ending (10 min). For the simulation phase, participants were presented with a realistic clinical environment containing a high-fidelity SimMan ® 3G simulator as the patients, with physiologic variables changed according to the scenario, and a standardized patient (SP) as the family member to provide essential information for the scenario. Before the beginning of a simulation, participants were given patient information including patient name, age, gender, admitting diagnosis, and healthcare provider orders.
A sample patient scenario involved Mr. Jason, who has a history of chronic obstructive pulmonary disease (COPD), smokes 2 packs per day of cigarettes and has hypertension, diabetes, coronary artery disease and atrial fibrillation. Mr. Jason has been admitted five times in the past year for acute exacerbation of his COPD. Home medication included aspirin, a calcium channel blocker, mucolytic agents, inhalation corticosteroid/bronchodilator and subcutaneously administrated insulin. Mr. Jason was admitted three weeks ago for emergent coronary artery bypass grafting surgery. Although there has been aggressive management with regular chest percussion, Mr. Jason has had difficulty weaning from ventilator due to poor sputum expectoration and malnutrition. The primary care teams are now considering a tracheostomy and intensive chest/nutrition therapy. Mr. Jason's family members are at the bedside.
Focusing on IPCP, all participants worked together to determine roles and responsibilities of the team members in this interactive simulation scenario. The teams involved in the simulation were expected to function collaboratively to carry out assessment (1st simulation), treatment (2nd simulation), and general care (3rd simulation) of the patient. After the simulation, participants began the debriefing phase to reflect about challenges, pitfalls, and successes that occurred within the simulation.
Outcome measures
For participants, the intervals in which to complete the following listed online pre-course (T1), post-course (T2) and end-of-study (T3) questionnaires were each one month long (Supplementary Tables 1 and 2 ).
To measure the degree to which participants perceived events in their life as stressful, a modified IPCP-specific Cohen's perceived stress scale (PSS) was used.
7 This 10-item PSS employed a five-point Likert scale, with 1 ¼ Never, 2 ¼ Almost never, 3 ¼ Sometimes, 4 ¼ Fairly often, and 5 ¼ Very often. Higher scores reflected a higher degree of stress. To measure ability to cope with difficult, stressful, or upsetting situations, the modified IPCP-specific stress coping preference scale (SCPS) was used to estimate individuals' preferred styles of coping. 8 Higher scores on this 16-item SCPS, based on a five-point Likert scale, with 1 ¼ Never, 2 ¼ Almost never, 3 ¼ Sometimes, 4 ¼ Fairly often, and 5 ¼ Very often, reflected a better stress coping ability.
2.4. Pre-course and end-of-study IPCP proficiency selfassessment ( Fig. 1) In addition to the PSS and SCPS scales, all participants were asked to answer the following questions: (1) Do you understand the terminology of IPE/IPCP? (2) Do you feel stress using the IPE/IPCP approach in your workplace? (3) Do you think that IPE/IPCP training helps you have a better understanding of healthcare team member roles? (4) Do you think that IPE/IPCP training helps you develop more coping strategies for frustration in communicating with healthcare team members? (5) Do you think that IPCP improves the quality of patients care? There were five possible Likert scale responses (1 ¼ Strongly disagree through 5 ¼ Strongly agree).
Results
Fig. 1 presents the flow of participants through the study.
Fifty-four health professionals were enrolled in this study. Notably, all participants needed to complete three questionnaires including pre-course (T1), post-course (T2) and end-ofstudy (T3) over the course of the whole study period. Then, the effectiveness of the mixed simulation-IPE course was evaluated by the comparing the T1 and T2 scores across physicians, nurses and pharmacists. This study investigated the mixed simulation-IPE courses' effects on participant's perceptions, attitudes, stresses and coping abilities by the difference between T2 and T3 scores.
Baseline characteristics
Baseline characteristics including mean age, gender and clinical experiences were comparable among physicians, nurses and pharmacists, as can be seen in Table 1 . However, greater percentages of nurses and pharmacists had experiences of previous IPE/IPCP education (35% and 45%, respectively) as well as having had more workplace IPE/IPCP meeting participation (higher exposure: 46% and 43%, respectively) compared with physicians (15% with previous IPE/IPCP education, 14% with exposure at workplace IPE/IPCP meeting).
Modified IPCP-specific PSS and SCPS scores
The pre-course modified IPCP-specific PSS and SCPS scores (T1) were lower among physicians (30 ± 1.5 and 56 ± 2.1, respectively) than those for nurses (42 ± 5.2 and 57 ± 3.5, respectively) and pharmacists (44 ± 5.7 and 55 ± 4.1, respectively) ( Table 2 ). In particular, the magnitude of increase in positive coping subscale IPCP-specific SCPS (T2eT1) and decrease in IPCP-specific PSS were significantly greater among nurses (39% and À36%, respectively) and pharmacists (63% and À34%, respectively) than among physicians (25% and À7%, respectively). For all participants, the effectiveness of mixed simulation-IPE course on stress coping abilities was maintained and further improved, especially in nurses and pharmacists, until the end of study (Fig. 2) .
Participants self-assessments for specific IPCP proficiency-related questions
In the pre-course IPCP proficiency self-assessment, all participants felt stress using the IPE/IPCP approach in their workplace, and they worried about their lack of positive coping strategies for stresses associated with bedside IPE/ IPCP. After this mixed simulation-IPE course, the end-ofstudy self-assessment revealed significant improvement in participants' understanding of IPE/IPCP, reduced levels of stress in bedside IPE/IPCP approach, understanding the role of other team members, development positive coping strategies to deal with stress and frustration in IPCP, and patient-centered care (Fig. 3 ).
Discussion
Previous studies reported that simulation team training significantly improved participants' teamwork skills. 9, 10 Integrated simulators, also known as human patient simulators (HPS), help participants suspend disbelief during a simulation due to the integrated computer technology housed in the mannequin that allows the mannequin to respond in real time to specific care interventions and treatments. The formal reflective stage in the simulation learning process is the "debrief". Debriefing follows the actual simulation and serves to help learners clarify and integrate the simulation experience with previous knowledge. When debriefing is skillfully facilitated with a positive constructive method, learning is advanced to clinical transference, the final step in the simulation learning pyramid.
Health professionals, those working in the medical system, need to face many distressing situations daily, and are constantly under stress. 11 It has been shown that they need to develop adaptive coping strategies and receive peers' supports. 12 In our pre-study mini-interview, nurses and pharmacists expressed that their frustrations with IPCP often resulted from the many physicians who had neither received adequate orientation about IPCP with other disciplines during their extensive training nor appeared to have learned this informally in their daily practice.
So, IPE is essential to modify the deep-seated values, attitudes, perceptions, and externally influenced life experience of physicians. 13 After our intensive IPE/IPCP course, most nurses and pharmacists reported that they developed positive coping strategies for IPCP conflicts and occupational stress. Overall, their positive coping strategies included self-controlling, seeking social support, and positive analytic reappraisal approaches for problem solving. Self-controlling is regulating emotions and behavior, while seeking social support is characterized by looking for information and emotional support. Positive reappraisal approaches for problem solving involve making deliberate efforts to evaluate the positive parameters of the sample to generate positive resolution for problem solving.
14 Accordingly, the improvement of physicians' perceptions of and attitudes toward IPCP by mixed simulation-IPE course was accompanied by the decreased IPCP-specific PSS scores of nurses and pharmacists in our study. Notably, the IPCP-specific PSS score was significantly lower in physicians than in nurses and pharmacists in our study. However, the relatively small sample size in the group of physicians in our study might limit the interpretation of the result. In the future, a large-scale study with sufficient sample size of physicians, pharmacists and nurses will be conducted to validate our initial positive results.
The main limitation of our study is that lack of a control group left the study results vulnerable to confounding factors such as history and the Hawthorne effect. However, our study used validated instruments with good psychometric properties that had been successfully used to evaluate IPE programs, and three disciplines participated in the program and evaluation. This study did not evaluate all participants' long-term transfer and retention of the skills learned from our program to their clinical works. It is generally accepted that trying to evaluate these longterm outcomes following short-term IPE training program is not feasible due to the wide range of potential confounding factor. 15 Nonetheless, our study is a multidimensional-approach program that can be modified in the future.
In conclusion, despite recent improvements in IPE/IPCP training, IPCP-related conflict/stress persists and continues to hamper the delivery of appropriate, high-value, high-quality, safe, and satisfying patient care. Regular exposure to IPE throughout discipline beginner training may help to reduce stress/conflicts of collaborative practice. Ultimately, good IPCP is important because conflicts within the healthcare team negatively affect the quality of patient care.
